INTRODUCTION
============

Food diversity has been considered as one of the hallmarks of healthy diet \[[@B1]\]. A diverse diet which contains all the food groups (vegetables, fruits, grains, meat, and dairy product) is necessary for achieving a nutrient adequacy and optimal growth and development \[[@B2]\]. Dietary diversity has been defined as "the number of different foods or food groups consumed over a given reference period" \[[@B3]\]. An omnivorous diet with adequate macro- and micronutrients, could improve appetite especially among children and decrease prevalence of chronic diseases such as cardiovascular diseases (CVDs), diabetes mellitus, metabolic syndrome and cancers \[[@B4]\]. Dietary diversity score (DDS) has been considered as an indicator of diet quality associated inversely with risk of chronic diseases \[[@B5]\].

DDS is used widely in large studies and surveys (such as the Demographic and Healthy Survey), to assess dietary quality \[[@B6]\]. Evaluating dietary quality is an expensive and time-consuming method which requires a complicated methodology, whereas DDS might be used as a simple and an inexpensive index for assessing the diet quality \[[@B1]\]. Steyn et al. \[[@B7]\] concluded that DDS could be considered as a convenience and fast indicator of dietary diversity assessment. In the National Health and Nutrition Examination Survey (NHANES) which conducted among US adults to assessment of dietary diversity on body adiposity, it has been observed that increase dietary diversity is associated with improved diet quality \[[@B8]\].

DDS is associated with various factors such as anthropometric and socioeconomic status (SES) \[[@B9]-[@B11]\]. Many studies have evaluated the association between dietary diversity and anthropometric status but their results have been conflicting \[[@B2],[@B5],[@B11]\]. It has been observed that high dietary diversity may adversely contribute to weight gain and obesity. However, it has been accepted that having more dietary diversity through intake of energy-poor, nutrient-dense foods provides a low-calorie diet which is useful to combat the development of adipose tissue \[[@B8]\]. Poor dietary quality could cause inadequate intake of essential nutrients and consequently malnutrition, especially in childhood, which requires sufficient nutrient intake for optimal growth and development \[[@B12]\].

On the other hand, some studies demonstrated that appropriate food choice depends on income levels and nutritional knowledge \[[@B9],[@B10],[@B12],[@B13]\]. In fact, people who have a higher SES are more likely to consume healthy foods such as whole grains, lean meats, fish, low-fat dairy products, and fruit and vegetables, whereas people with low SES tend to consume more fat and less fiber \[[@B14]\]. Renting, lower education and social class were independently associated with lower diversity in consumption of fruit and vegetable \[[@B10]\].

Given the beneficial outcomes of dietary diversity and the importance of DDS for determining quality of diet, this study was conducted to determine DDS and its difference with some factors including SES, body mass index (BMI), waist circumference (WC), and waist-to-hip ratio (WHR) in Kermanshah University of Medical Sciences (KUMS) employees.

MATERIALS AND METHODS
=====================

This cross-sectional study was conducted on 190 of KUMS employees in 2015. From among the 6 colleges of KUMS, Paramedical and Public Health faculties, among 5 medical education hospitals of KUMS, Imam Reza Hospital and from among health centers in Kermanshah province, Kermanshah province health center were selected randomly for sampling subjects. Sample size was calculated based on the total population of KUMS employees with a confidence of 95% and a study power of 90%. Finally, according to the population of each of the mentioned centers, subjects were selected by convenience sampling method.

A sample size of 190 from Paramedical and Public Health faculties, City Health Center and Emam Reza Hospital. Inclusion criteria were employment in KUMS and consent to participate in the study. Subjects who had chronic and metabolic disease such as diabetes, CVDs and any kind of cancer were excluded from the study.

Demographic and SES information including: age, gender, educational levels, marital and economic status along with anthropometric indices, i.e., weight, height, WC, and HC were collected.

Data about demographic characteristics and SES were collected by a self-administered questionnaire. In this study based on monthly income we classified economic status to 3 groups (good, medium, and weak).

Weight was measured by digital scale (CAMRY, model: EB9171 max; Camry Scale Store, City Industry, CA, USA) to the nearest 0.1 kg. Height was measured by a fixed tape meter to the wall with an accuracy of 1 cm in the standard position without shoes while the shoulders, heels and buttocks were in contact with the wall.

BMI was calculated as weight in kg divided by height in meter squared. BMI classification was based on the World Health Organization (WHO) criteria specifically for the Asian population as follows: BMI \< 18.5 kg/m^2^, underweight; 18.5--24.9 kg/m^2^, normal range; 25.0--29.9 kg/m^2^, overweight; and ≥ 30 kg/m^2^, obese.

WC was measured at the narrowest area between the last rib and the iliac crest. Values ≥ 102 cm in men and ≥ 88 cm in women, were considered to be high. For measurement of head circumference (HC), the meter placed in the maximum position of HC. It was also noticed that there was an obstacle, such as wallet, belt, and so on. WHR was calculated as WC divided by hip-circumference. Values ≥ 1 and ≥ 0.8 in men and women, respectively, were accounted as high \[[@B15]\]. All of the anthropometric measures collected by an expert dietitian.

Dietary intakes were assessed using a semi quantitative food frequency questionnaire (FFQ) with 168 items and a standard portion size. The FFQ had been translated and standardized for Iranian population. Also, its reliability and validity had been confirmed previously \[[@B16]\]. To determine DDS, we divided foods into 5 main groups: grains, vegetables, fruits, meats, and dairy products. The main groups had 23 subgroups. These subgroups were:

1.  Grains group with 7 subgroups: white bread (pita bread), wholegrain biscuits, pasta, whole grain breads (Sangak bread), noodle, rice, barley.

2.  Fruits were divided into 2 subgroups: berries and citrus, other fruits and juices.

3.  Vegetables group with 7 subgroups: vegetables, potatoes, tomatoes, other starchy vegetables (corn, pea, eggplant, squash), legumes (pease, beans, mung beans, split peas, lentils), yellow vegetables (carrots and pumpkin), and other green vegetables (bell peppers, all kinds of cabbage, broccoli, celery, cucumbers, garlic, onion, green beans, zucchini, leeks, parsley, lettuce, radish, spinach, rhubarb, turnips).

4.  Meats group was divided into 4 subgroups: red meat (cattle and sheep), poultry (hen and chicken), fish, and eggs.

5.  Dairy group was divided into 3 subgroups: milk (low-fat and full-fat), yogurt (low-fat and full-fat), cheese or curd.

To be considered as a consumer of a food group, it is necessary that at least a half-serving of that food group should be consumed per day by the individuals. Each food group had 2 scores. This 2 scores was divided among the subgroups. Total DDS was 10 and then it was divided to 4 quartiles: less than 3.0, 3.0--5.5, 5.6--8.5, and more than 8.5. This method at first was used by Kant et al. \[[@B17]\] then it was modified in a study in Iran \[[@B4]\]. In this study we used modified version of DDS. Classification of DDS is based on Food Guide Pyramid \[[@B18]\].

Statistical analysis
--------------------

Data were analyzed using SPSS version 20 (IBM Corp., Chicago, IL, USA). Kolmogorov-Smirnov test was used to test normality of variables separately in both sexes. The impact of gender on DDS was evaluated by χ^2^ test in each of the quartiles of DDS. Descriptive statistics were used to report characteristics of the studied subjects. The quantitative data are presented as mean ± standard deviation and the qualitative variables were reported as frequency graph and tables. To determine the difference between SES and DDS, Mann-Whitney U and Kruskal-Wallis tests were used and also, the difference between DDS and anthropometric indices was performed using analysis of variance (ANOVA). p values less than 0.05 were considered to be significant.

Ethics statement
----------------

This study was given ethical approval by the Ethics Committee of Research Council of Kermanshah University of Medical Sciences (ethic number: KUMS.REC.94025). To collect data, after explaining the aims of the study, participants signed an informed written consent.

RESULTS
=======

From 190 participants, 85 of them were men. The means of age in men and women were 40.03 ± 9.30 and 34.80 ± 9.29 years, respectively (p = 0.756). The mean of DDS was 5.62 ± 1.82 in men and 5.69 ± 1.62 in women (p = 0.375). There was a statistically significant difference between economic status and DDS but it was not observed statistically significant difference between educational level and marital status with DDS ([Table 1](#T1){ref-type="table"}).

###### Differences of DDS in SES of KUMS employees

![](cnr-6-247-i001)

  Characteristics                    Category                        No. (%)       Mean of DDS   p^\*^
  ---------------------------------- ------------------------------- ------------- ------------- -------
  Sex                                Male                            85 (44.7)     5.62 ± 1.82   0.375
  Female                             105 (55.3)                      5.69 ± 1.62                 
  Marital status                     Married                         57 (30.2)     5.33 ± 1.51   0.805
  Single                             128 (67.7)                      6.11 ± 1.73                 
  Separated/widow                    4 (2.1)                         5.98 ± 1.71                 
  Self-reported of economic status   Good                            29 (15.5)     5.47 ± 1.72   0.022
  Medium                             139 (74.3)                      5.79 ± 1.74                 
  Weak                               19 (10.2)                       4.90 ± 1.42                 
  Educational level                  Less than diploma and diploma   34 (17.9)     5.31 ± 2.4    0.123
  Associate degree and bachelor      124 (65.3)                      5.76 ± 1.54                 
  Master and PhD                     31 (16.3)                       5.62 ± 1.45                 

DDS, dietary diversity score; SES, socioeconomic status; KUMS, Kermanshah University of Medical Sciences.

^\*^p value was calculated using Mann-Whitney U and Kruskal-Wallis test.

In this study, it was observed that statistically significant difference between economic status and anthropometric indices including weight (p = 0.002), WC (p = 0.003), HC (p = 0.004), and BMI (p = 0.001) except WHR (p = 0.332). Also, there was significant difference between economic status and consumption of bread and cereals (p = 0.034), vegetable (p = 0.029), and meat (p = 0.027).

In this study only 6.3% of subjects (12 persons) had DDS \> 8.5. Analysis of FFQ data showed that 99.3% of subjects consumed less than 6 servings of grains per day and only 0.7% consumed 6--11 servings. Our finding showed that subjects who had DDS \> 8.5, consumed more fruits and vegetables. difference of consumed food servings with DDS has been shown in [Table 2](#T2){ref-type="table"}.

###### Differences of consumed food servings among quartiles of DDS in KUMS employees

![](cnr-6-247-i002)

  Food group (serving/day)   Quartiles of DDS   p^\*^                                     
  -------------------------- ------------------ ------------- ------------- ------------- -------
  No. of employees           8                  79            91            12            \-
  Grains                     0.18 ± 0.27        1.51 ± 0.84   1.57 ± 0.97   1.76 ± 1.08   0.001
  Vegetables                 2.37 ± 2.48        3.22 ± 2.02   3.89 ± 2.32   4.95 ± 3.62   0.006
  Fruits                     2.72 ± 4.24        2.14 ± 1.39   3.28 ± 2.69   6.78 ± 3.98   0.001
  Meat and cereals           0.12 ± 0.35        1.10 ± 0.55   1.44 ± 0.90   1.72 ± 0.75   0.001
  Dairy product              0.01 ± 0.04        1.03 ± 0.76   1.40 ± 0.96   2.07 ± 1.11   0.001

Values are presented as mean ± standard deviation.

DDS, dietary diversity score; KUMS, Kermanshah University of Medical Sciences.

^\*^p value was calculated using analysis of variance and Kruskal-Wallis test.

Mean of BMI were 26.32 ± 2.87 kg/m^2^ in men and 24.12 ± 3.50 kg/m^2^ in women (p = 0.038). In overall 54.2% of participants were overweight or obese. As shown in [Figure 1](#F1){ref-type="fig"} woman with normal BMI had more DDS, but this difference was not significant in any quartiles of the DDS in both sex (p = 0.459).

![BMI and quartiles of DDS in KUMS employees.\
BMI, body mass index; DDS, dietary diversity score; KUMS, Kermanshah University of Medical Sciences.](cnr-6-247-g001){#F1}

Anthropometric parameters and their association with DDS have been presented in [Table 3](#T3){ref-type="table"}. The mean of WHR was 0.92 ± 0.04 in men and 0.86 ± 0.06 in women. There was a significant negative difference between WHR and DDS in men (p = 0.019); However, the difference between WC and DDS was not significant ([Table 3](#T3){ref-type="table"}).

###### Differences of anthropometric parameters among quartiles of DDS in KUMS employees

![](cnr-6-247-i003)

  Anthropometric parameters   Sex             Quartiles of DDS   p^\*^                                           
  --------------------------- --------------- ------------------ --------------- --------------- --------------- -------
  Height (cm)                 Male (85)       179.00 ± 8.08      174.76 ± 7.89   176.95 ± 6.50   180.67 ± 4.96   0.191
  Female (105)                164.00 ± 8.28   162.31 ± 5.73      162.69 ± 5.07   161.00 ± 7.77   0.860           
  Weight (kg)                 Male (85)       87.65 ± 21.21      79.65 ± 10.19   82.48 ± 11.80   90.80 ± 4.30    0.106
  Female (105)                66.30 ± 7.10    63.26 ± 8.89       63.90 ± 9.44    60.84 ± 6.00    0.815           
  BMI (kg/m^2^)               Male (85)       27.12 ± 4.82       26.02 ± 2.42    26.28 ± 3.22    27.83 ± 1.37    0.506
  Female (105)                24.70 ± 2.64    24.04 ± 3.33       24.19 ± 3.83    23.54 ± 2.72    0.963           
  WC (cm)                     Male (85)       95.75 ± 3.86       96.16 ± 8.20    95.50 ± 8.12    90.16 ± 11.05   0.439
  Female (105)                78.00 ± 10.86   83.53 ± 9.60       86.55 ± 11.55   89.60 ± 7.30    0.214           
  HC (cm)                     Male (85)       103.75 ± 1.25      104.29 ± 8.33   102.68 ± 7.00   104.66 ± 7.17   0.800
  Female (105)                93.50 ± 7.85    98.04 ± 9.00       99.37 ± 10.18   99.80 ± 5.26    0.634           
  WHR                         Male (85)       0.92 ± 0.03        0.92 ± 0.04     0.92 ± 0.04     0.86 ± 0.08     0.019
  Female (105)                0.83 ± 0.06     0.85 ± 0.06        0.85 ± 0.12     0.89 ± 0.06     0.770           

Values are presented as mean ± standard deviation.

DDS, dietary diversity score; KUMS, Kermanshah University of Medical Sciences; BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, waist-to-hip ratio.

^\*^p value was calculated using analysis of variance.

DISCUSSION
==========

Dietary diversity is remarkably associated with nutrient adequacy and represents diet quality \[[@B19]\]. Low quality and monotonous diets not only are usually based on starchy foods but also fruits, vegetables, and animal sources are not consumed enough in such kinds of diets. Diets with low diversity could increase the risk of nutrient deficiencies especially in vulnerable populations such as children, elderly, and women \[[@B20]\]. The present study indicated that the DDS of employees in KUMS was at an optimal level, also a significant difference was observed between DDS and WHR in men.

In present study, both in men and women of our study the average of DDS was in its third quartile. Mirmiran et al. \[[@B4]\], performed in Iran on adolescents that the average of DDS was in the highest quartile and they concluded that DDS is a good indicator to assess nutrient intake adequacy in their studied population. In a study conducted by McDonald et al. \[[@B12]\] on 900 households in 4 rural regions of Cambodia, 23% of participants had low dietary diversity. Moreover, food insecurity was high according to Household Food Insecurity Access Scale (HFIAS). Therefore, participants in our study had earned good DDS.

In present study, higher DDS was associated with more consumption of vegetable and fruit groups. Mirmiran et al. \[[@B4]\] figure out that fruit and vegetable groups had highest DDS scores. Also, in another study by Fernandez et al. \[[@B11]\] conducted on US preschool children, dietary diversity was higher when fruits and vegetables were consumed. These studies have considered that there is a positive correlation between fruit and vegetables consumption and quality of diet. Therefore, in order to improve the quality of diet, studies suggest that fruit and vegetable consumption should be increased \[[@B21]\]. Further, in epidemiological studies it has been observed that reduced intake of fruits and vegetables is associated with higher risk of chronic diseases and mortality. So, we can conclude that there is a relationship between chronic diseases and dietary diversity \[[@B10]\]. This study showed that participants had increased their dietary diversity through consumption of low calorie (i.e., vegetables and fruits) foods.

In conflict with some previous studies \[[@B5],[@B13]\], there was no significant difference between DDS and educational or marital status in our study. It may be due to low cost and easy access to some foods in Iranian society and also eating culture of Iranian people. However, a significant difference was observed between DDS and economic state. It has been considered that nutritional knowledge and adequate income play the important role in improving the quality of diet \[[@B22],[@B23]\]. Tiew et al. \[[@B5]\] in Malaysia observed that having lower educational or economic status and being overweight or obese is significantly associated with lower DDS in type 2 diabetes mellitus patients (p \< 0.001). Another study in Iran indicated that weak economic status was associated with low DDS. The researchers stated that accessibility is very important because the poor people often cannot consumption a variety of foods. However, knowledge about appropriate food choices is more substantial \[[@B2]\]. In the Observation of Cardiovascular Risk Factors in Luxembourg (ORISCAV-LUX) study on 1,351 subjects aged 18--69 years, income and nutritional knowledge were positively associated with DDS (p \< 0.001) \[[@B13]\]. Indeed, low SES leads to food insecurity which reduced dietary diversity. In food insecurity condition, people may buy low-value foods such as refined grains with added sugar and fat. Therefore, this dietary pattern reduces healthier food consumption like lean meats, fruits, and vegetables which consequently leads to less dietary diversity \[[@B22]\]. This study showed that economic status could affect food choices. However, our findings showed that there is no difference between educational status and DDS. A probable reason for this finding is that our participants were employees from university of medical science and they may have relatively good nutritional knowledge.

The present study showed that a diverse diet is associated with lower WHR. In other words, in highest quartiles of DDS, the BMI was less in women ([Figure 1](#F1){ref-type="fig"}). In study on 7,470 subjects the intake of diverse diet was inversely related with WC, and it was beneficial in prevention from obesity \[[@B8]\]. The odds of obesity in men and women were less than 40%--48% and 31%--55%, respectively. Similarly, Azadbakht et al. \[[@B19]\] indicated that risk of obesity decreased with increase in quartiles of DDS (p = 0.04, 0.03). In this study, it was observed that greater dietary diversity was associated with decreased anthropometric indices including WHR, WC, and BMI. Diverse diet could lead to increased intake of calcium, fiber and vitamin C which all of them could prevent the development of obesity. In contrast to earlier findings, Fernandez et al. \[[@B11]\] in their study observed that greater dietary diversity is associated with higher BMI in children (p = 0.02) due to increase energy intake. Therefore, it is yet to be cleared that a diverse diet could decrease or increase obesity. Our results show the importance of dietary diversity and its association with abdominal obesity. These findings put more emphasis on importance of dietary diversity for prevention of obesity and its related chronic diseases.

One of the most common jobs in Iran is a government employee. Due to disturbance in meal time \[[@B24]\], special occupational stress \[[@B25]\], long working hours, and reduced physical activity, these occupations are considered as risky behaviors and a risk factor for metabolic diseases such as obesity, diabetes, metabolic syndrome, and non-alcoholic fatty liver disease \[[@B24],[@B26]\].

The main strength of this study was to evaluate the difference between anthropometric parameters and DDS which was evaluated for the first time in Kermanshah, Iran. This study could be the basis for other studies. However, our study had several limitations. Our sample size was relatively small. Moreover, the studied subjects were medical sciences university employees who may have rather high nutritional knowledge. Doing a research with large sample size and on subjects that are represent of different layer of community is us suggest for future studies.

Overall, our study showed that DDS could be a useful indicator for dietary diversity and was negatively correlated with WHR. It seems that dietary diversity might improve health status, particularly in the context of abdominal obesity and its related diseases. More researches in the field of dietary diversity based on DDS and its association with obesity as well as other chronic diseases are still warranted. Therefore, paying attention to the food pattern of this stratum is very important.
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